Epidenmiologic studies of the association between residential pesticide use and cancer risk require an assessment of past pesticide exposures. Pesticide levs in carpet dust are believed to reflect long-term pesticide use. Recent epidemiologic studies have found collection of dust samples using the high-volume surface sampler (HVS3) to be expensive and cumbersome. We compared the levels of pesticides and other compounds in dust obtained from subjects' personal used vacuum cleaner bags to that collected by the HVS3 to see if this simpler method could replace the HVS3 in epidemiologic research. We visited..the.homes.of 15 subjects, took the used bags.from. their vacuums, and collected carpet dust samples with the HVS3. The samples were analyzed for 42 target compounds: 26 pesticides, 10 polycyclic aromatic hydrocarbons (PAHs) , and six polychlorinated biphenyl (PCB) congeners using GCIMS in seleited ion monitoring mode. The two methods agreed in detecting the presence of the target compounds between 80% and 100% of the time. Neither sampling method was consistently more sensitive. The median target compound concentrations were similar, and a paired test showed no significant differences. For many compounds, the concentrations of compounds in the HVS3 samples were higher than those in the used bag samples at the upper end of the concentration ranges. However, the Spearman rank correlation coefficients were 0.85 or higher for most compounds, indicating that homes would be ranked similarly using both methods. Overall In several recent studies, investigators have collected carpet dust samples for pesticides analysis using a modified commercial vacuum deaner called the high-volume surface sampler (HVS3) (4) . The dust sample is sent to a laboratory, where it is sieved to remove fibers and other large particles, solvent-extracted, cleaned, and analyzed using gas chromatography/mass spectrometry (GC/MS) (5) . This procedure provides estimates of pesticide concentrations in the dust. By design, the HVS3 achieves a constant removal efficiency of surface dust across different types of carpets and can therefore be used to estimate a standardized dust "loading," the relative amount of surface dust present per unit surface area ofcarpet (4, 6) . Recent (4) . Because loadings were unimportant in the pilot study, we collected the HVS3 sample from all rooms that the subject typically deaned with their vacuum. The proportion of each room vacuumed was based on the frequency with which the subject typically vacuumed that room, so that the HVS3 and used bag sample were composed of similar proportions of dust from each room. Procedures for handling the collected HVS3 samples were in accordance with ASTM Standard Practice D 5483-93 (4).
For the used bag collection, we placed the subject's used vacuum deaner bag in a sealable plastic bag. The sealed plastic bag and the HVS3 catch bottle containing the dust sample were shipped via overnight mail in styrofoam containers with ice packs to Southwest Research Institute (SRI). The ice packs prevented overheating of the samples during shipping, which could have led to volatilization of the pesticides from the dust.
At SRI, the vacuum deaner bag was split open and its entire contents were processed through a hand-held 100 mesh sieve in approximately 50-ml aliquots to collect the fine fraction (<150 pm). Each aliquot was placed on the screen, the closed sieve was shaken and tapped several times, the collection pan was emptied, and the process was repeated until no more dust passed into the pan. The fine fractions derived from these aliquots were then combined and split into two aliquots. One aliquot was soxhlet extracted for 16 hr with 200 ml diethyl ether:nhexane (6:94), and the extracts were cleaned through a florisil column (5) . These extracts were analyzed for 39 "neutral extractable" target compounds induding 23 pesticides, 10 polycyclic aromatic hydrocarbons (PAHs), and six polychlorinated biphenyl (PCB) congeners. The second aliquot was extracted with ethanol:water (4:1) and chloroform and the ethyl acetate extract was derivatized using Regisil MTBSTFA [N-methyl-N-(t-butyldimethylsilyl)trifluoroacetamide]. These derivatized extracts were analyzed for three "acid extractable" target compounds: 2,4-D, dicamba, and pentachlorophenol.
Chemical 
Results
The two methods performed similarly in detecting the presence of the target pesticides (Table 1) , PAHs and PCBs (Table 2) in the dust. Between 80% and 100% of the time, the two methods agreed in detecting the presence of the target compound. For the compounds with less than perfect agreement, neither sampling method was consistently more sensitive than the other. Chlordane, dicofol, propoxur, carbaryl, and 2,4-D were detected more frequently in the HVS3 samples; chlorpyrifos, PCB 105, and PCB 170 were detected more frequently in the used bag samples. Seven pesticides and one PCB were not detected in any of the samples, indicating that these compounds had not been used or tracked into the subjects' homes or were present at levels below the analytical detection limit of the instrumentation.
Among the samples with detectable levels of pesticides, the median concentrations (not shown) were similar in the HVS3 and used bag samples, with two exceptions: methoxychlor (2.5 times higher in the HVS3 sample) and propoxur (2.1 times higher in the used bag sample). The medians for total PAHs and total PCBs were similar. A paired t-test showed no significant differences between the two methods for any of the compounds. Figure 1A shows the concentrations of one of the pesticides (chlordane) in each pair of dust samples (the y = x or "equal concentration" line is shown to aid interpretation). The chlordane levels in the two dust samples were remarkably similar throughout the range of concentrations encountered in this study. For chlordane and many other pesticides (chlorpyrifos, propoxur, carbaryl, cis-+ trans-permethrin, o-phenylphenol, and 2,4-D), and for total PAHs (Fig. iB) 'Summed concentrations of a-and y-chlordane, which were measured separately.
bSummed concentrations of p,p -DDE and p,p-DDT, which were measured separately. cSummed concentrations of cis-and trans-permethrin, which were measured separately. dSummed concentrations of above-listed PAHs. eSummed concentrations of all PCB congeners analyzed. compounds in the used bag sample were lower than in the HVS3 sample. This was not observed for DDE + DDT, methoxychlor, pentachlorphenol, or total PCBs (Fig. 1C) .
Despite the distributional differences noted above, when homes were placed in order of increasing concentrations of a target compound, the ordering was similar for most compounds regardless of whether it was based on levels in the HVS3 samples or used bag samples. For many (but not all) of the pesticides and for total PAHs, concentrations in the HVS3 sample exceeded those of the used bag sample at the upper end of the concentration ranges. Given the small number of samples taken, this could have been due to chance. It is also possible that "hot spots" of these compounds in some homes were oversampled by the HVS3. Several other factors could have affected the relative concentrations of these compounds in the sample pairs. The HVS3 is fundamentally different from a typical household vacuum in that the collected dust is immediately removed from the air stream and diverted to a catch bottle. In a typical household vacuum, the collected dust remains in the bag, where air passes through it repeatedly during subsequent uses of the vacuum, possibly resulting in partial volatilization of the chemicals from the dust. This phenomenon could explain the observed data if it 1) operates more effectively when concentrations of chemicals in the dust are higher and 2) affects only certain types of compounds. Levels of target compounds in the used vacuum cleaner bag could also have been affected by the different designs of the household vacuums and the frequencies with which the bags were changed.
The most important limitation of this pilot study is its small sample size. It is difficult to determine whether the findings would hold across the wider range of concentrations likely to be encountered in a full-scale epidemiologic study.
In choosing between the two sampling methods, it is important to consider two points. First, some people do not own a vacuum and would be unable to provide a sample with the used bag method. Second, the used bag method is not appropriate for studies in which dust loading (i.e., the absolute amount of dust present) is an important parameter. Dust loading is important in studies looking at carpet dust as a direct source of exposure to pesticides; all else being equal, one would expect subjects living in dustier homes to have higher dust-related pesticide exposures than subjects living in cleaner homes. Because 
